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TM 29 SW and SE 
Hempnall and Woodton 
Part of 1:50 000 Sheets 175 (Dis) and 176 (Lowestoft) 
PREFACE 
This  r e p o r t  d e s c r i b e s  t h e  geology of 1:lO 000 g e o l o g i c a l  
i s h e e t s  TM 29 SW & 29 SE. The area w a s  f i r s t  surveyed on t h e  1 i n c h  
t o  1 m i l e  scale by H.B. Woodward i n  1875-9 and t h e  results publ i shed  
i n  1881 as p a r t  of Old S e r i e s  One - Inch Sheet 66 SE. A d e s c r i p t i v e  
m e m o i r  w a s  publ i shed  i n  t h e  same yea r .  Information on t h e  geology 
of t h e  area is also con ta ined  i n  Wartime Pamphlet N o .  20 ( p a r t  4 ) .  
The pr imary s ix - inch  survey  w a s  c a r r i e d  o u t  by R.J. Wyatt 
i n  1980 under t h e  d i r e c t i o n  of  D r .  R . A .  Bazley,  D i s t r i c t  Geo log i s t .  
Uncoloured d y e l i n e  c o p i e s  of s h e e t s  TM 29 SW & SE can be 
ob ta ined  through t h e  B o o k s t a l l ,  Geological Museum, E x h i b i t i o n  Road. 
G.M. Brown 
Director 
I n s t i t u t e  of Geological Sc iences  
3 E x h i b i t i o n  Road 
London SW7 2DE 
J A-- 
' ') 
Geological notes and local details for 1:lO 000 sheet :on, Norfolk 
R. J. Wyatt 
T M  29 SW and .SE Hempnall and Woodton & SE).  
INTRODUCTION 
The area covered by sheets TM 29 SW & SE l ies  about 15 k m  
SSE of Norwich and is part  of a widespread boulder c l a y  - covered 
plateau d ra ined  t o  the  n o r t h  by the R ,  T a s  and t o  t h e  east by t h e  
Broome Beck. The o n l y  settlements are a f e w  v i l l a g e s ,  of which 
Hempnall and Woodton a r e  t h e  largest, and scattered farms. The 
area is largely devoted t o  agr icul ture .  D r i f t  deposi ts  cover the  
whole d i s t r i c t ,  those older than  t h e  Boulder C l a y  being exposed 
i n  t h e  r i v e r  v a l l e y s  on ly .  S o l i d  format ions  beneath the D r i f t  
are known.from the  r e c o r d s  of s c a t t e r e d  boreholes  and from p i t s  
t o  t h e  w e s t  of Hempnall. 
GEOLOGICAL SEQUENCE 
The s o l i d  format ions  and d r i f t  d e p o s i t s  on t h e  1 : l O  560 
g e o l o g i c a l  maps are l i s ted  below. 
SUPERFICIAL DEPOSITS (DRIFT) 
Recent and P l e i s t o c e n e  
Alluvium 
Peat  
River  Terrace Deposits (Terrace 1 & 2) 
Head 
Coversand a 
Boulder Clay 
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G l a c i a l  Laminated Sediments 
Glacial Sand and Gravel  
Beccles Formation 
SOLID FORMATIONS (concealed)  
Norwich Crag 
Chalk 
CONCEAUD STRATA 
CHALK 
Most of t h e  water wells i n  t h e  area p e n e t r a t e  chalk,  a 
maximum t h i c k n e s s  of 109 m being proved i n  a w e l l  1.5 km SSW 
of Topcroft  S t r e e t  (2605 9039). Drillers'  logs o n l y  b r i e f l y  
characterize t h e  s t ra ta  a s  chalk OP chalk c o n t a i n i n g  f l i n t s .  
The i n f e r r e d  subcrop d i s t r i b u t i o n  of chalk zones suggests  
t h a t  the w e l l s  p e n e t r a t e  on ly  t h e  Upper (Senonian) Chalk i n  
t h e  zones of G0.nioteu.thi.q qu.adFa.t.a and B.e.1emn.i t e l l a  mu.c-r.0.nat.a 
(Peake & Hetnmck, 1970). 
NORWICH CRAG 
The Norwich Crag does no t  c r o p  o u t  w i th in  t h e  area b u t  is 
known from boreholes and exposures  i n  g r a v e l  p i t s ;  its e x t e n t  and 
t h i c k n e s s  is poorly documented and from dr i l le rs '  r e c o r d s  i t  is 
o f t e n  impossible t o  d i s t i n g u i s h  between t h e  sands  of  t he  Norwich 
Crag and those of t h e  Beccles Formation. I n  a f e w  boreholes a bed 
of green-coated f l i n t s  is mentioned as  ove r ly ing  t h e  Chalk; s u c h  
a f l i n t  nodule bed is character is t ic  of t h e  base of t h e  Norwich 
Crag. Where shells areqmentioned i t  can be assumed t o  i n d i c a t e  
the presence of t h i s  formation.  I n  a d d i t i o n ,  sands  a r e  s o m e t i m e s  
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recorded a s  be ing  black i n  d r i l l e rs '  logs and t h i s  can be regarded 
as  a loose d e s c r i p t i o n  of dark g reen ,  t h e  colour characteristic 
of Norwich Crag below t h e  water table where i t  is unoxidized. 
Deposits which, on t h e  basis of t h e  high f l i n t  c o n t e n t  of 
its g r a v e l ,  are thought t o  correlate wi th  t h e  Norwich Crag of the  
type -a (Cox 8~ Poole,  i n  press; Funnel1 & others, 1979) were 
observed a t  t h e  base of t h e  e a s t e r n  face of Morningthorpe Gravel  
P i t  beneath t h e  g lac ia l  sand and g r a v e l  (2205 9446). They comprise 
3 m of orange, yellow and fawn, f i n e -  t o  medium-grained, w e l l -  
sorted and well-rounded, s l i g h t l y  micaceous, f lat-bedded and 
cross-bedded sands  wi th  rare clay laminae.  I n  one part  of t h e  
face s t r i n g s  of well-rounded f l i n t  pebbles coalesce i n t o  a t h i c k  
body of well-packed, bedded s h i n g l e .  Sub-rounded t o  well-rounded 
f l i n t  pebbles comprise over 95% of t h i s  s h i n g l e ,  w h i l s t  quartz 
and quartzi te  together c o n s t i t u t e  less than  5%. N o  s h e l l s  were 
found i n  t h e  s a n d s  a t  Morningthorpe, b u t  there are n o n - f o s s i l i f e r o u s  
beds i n  t h e  Norwich Crag of t h e  type  area, and leaching  by c i rcu la t -  
i n g  groundwater cou ld  have removed any s h e l l s  t h a t  were o r i g i n a l l y  
p r e s e n t .  
3 
I n  t h e  o l d  g r a v e l  p i t  a t  M i l l  Farm t o  t h e  w e s t  (2086 9494) 
u p  t o  4.0 m of well-rounded, m a t u r e ,  bedded, dense ly  packed s h i n g l e  
with a ye l low well-sorted sand matrix u n d e r l i e s  g l ac i a l  sand and 
g r a v e l ,  t he  la t ter  channe l l ing  down i n t o  i t .  T h i s  s h i n g l e  is c lose -  
l y  comparable t o  that  of t h e  Morningthorpe P i t .  
The composition of these g r a v e l s  is remarkably s imilar  t o  
t h a t  of t h e  Westleton Beds (Hey 1967, p.  430), even t o  t h e  presence  
of p inhole  chert i n  t h e  f i n e r  grades,  t h e  o n l y  s i g n i f i c a n t  d i f f e r -  
ence being t h e  ve ry  loui"percen%age ( u p  t o  5%) of angularfsub-angular 
f l i n t s  i n  t h e  former. The Westleton Beds are now regarded as a 
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facies of t h e  Norwich Crag (Funnel1 & West, 1977). The composition 
of t h e  g r a v e l s  contrasts  markedly w i t h  that  of t h e  g r a v e l  a t  Wood- 
t o n  (see p.  5) which c o n t a i n s  a much greater p ropor t ion  of quartz 
and quartzite and which is thought t o  correlate w i t h  t h e  Beccles 
Formation of the Waverney Val ley,  despi te  t h e  s i m i l a r i t y  of t h e i r  
associated sands  t o  those a t  Morningthorpe and M i l l  Farm. 
DRIFT DEPOSITS 
BEGCZIES FORMATION 
The Beccles Formation, 'as de f ined  a t  t h e  type loca l i ty  (Wilcox 
& Horton, 19811, comprises t h e  deposits between t h e  Norwich Crag and 
the g l ac i a l  sand  and g r a v e l .  They c o n s i s t  of a lower sequence of 
c l e a n ,  well-sorted, well-rounded , bedded sands  w i t h  subordinate  
- 
g r a v e l s  and an  upper sequence of s imi la r  depos i t s  i n  which t h i n  
layers of cha lky  sand are not  uncommon. L o c a l l y ,  as i n  t h e  Harles- 
t o n  area, t h e  t w o  sequences are separated by a d i s t i n c t i v e  buff-  
brown, loamy, pebbly, s l i g h t l y  cha lky  c lay which t n  some loca l i t i es  
is bedded i n  p a r t .  T h i s  has  been de f ined  a s  t h e  S t a r s t o n  T i l l  Member 
(Lawson 1981). 
I n  t h e  Woodton area there is an e x t e n s i v e  outcrop of beds 
corresponding t o  t h e  Beccles Formation of t h e  Waveney Va l l ey .  They 
comprise f i n e -  and medium-grained c l e a n  sands  w i t h  a s m a l l  propor- 
t i o n  of g r a v e l ,  and g i v e  rise t o  l i g h t  s andy  so i l s .  They were for- 
m e r l y  exploited and there are s e v e r a l  overgrown p i t s  around Woodton. 
The on ly  e x i s t i n g  exposure,  however, is i n  t h e  flooded p i t  a t  Fox 
B u r r o w s  (2945 9365) where up t o  3.5 m of pale orange and ye l lowish  
brown, medium-grained, well-sorted, s l i g h t l y  micaceous, l a m i n a t e d  
and r ipp le -d r i f t  bedded sands  occur. The re  are a f e w  clay and s i l t  
P 
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laminae and, nea r  t h e  top,  some well-rounded g r a v e l  with a high 
proportion of quartz and quartzite pebbles  ( u p  t o  63%). These 
deposits are thought t o  be e q u i v a l e n t  t o  beds under ly ing  t h e  
S t a r s t o n  T i l l  i n  t h e  Waveney V a l l e y ,  
I n  Morningthorpe Gravel  P i t  I2206 9445) a 3m-wide channel  
c u t t i n g  i n t o  t h e  Norwich Crag and planed off a t  t h e  top by t h e  
ove r ly ing  glacial  sand and g r a v e l  is f i l l e d  w i t h  b u f f  or fawn 
loamy c l a y  c o n t a i n i n g  scattered f l i n t  and quartz pebbles. The 
deposit  is t h i n l y  bedded i n  par t  and i n c l u d e s  a f e w  s t r i n g e r s  
and l e n s e s  of f i n e  cha lky  gravel. I t  has  some of t h e  character- 
i s t i c s ,  i n c l u d i n g  bedding, of a f low- t i l l .  The deposi t  is c l ea r ly  
comparable t o  t h e  S t a r s t o n  T i l l  of t he  Waveney Val ley  and t o  t h e  
Norwich Brickearth of Norfolk g e n e r a l l y ,  both of which are con- 
s i d e r e d  to  r e p r e s e n t  t h e  same ear ly  Anglian g lac ia l  episode (Lawson 
1981). 
. .  
The t h i c k n e s s  09 t he  Beccles Formation cannot be established 
i n  t h e  Hempnall  - Woodton area because i t  is  d i f f i c u l t  t o  d i f f e r e n -  
t i a te  t h e  beds from Norwich Crag i n  d r i l l e r s '  logs of water wells. 
I n  t h e  a d j o i n i n g  Waveney V a l l e y ,  however, t h i c k n e s s e s  u p  t o  30 m 
have been estimated (Wilcox and Horton, 1981). The channel led  n a t u r e  
of t h e  top of t h e  Beceles Formation suggests t h a t  there is consider- 
able v a r i a t i o n  i n  its th i ckness .  
The un i fo rmi ty ,  good s o r t i n g  and good rounding of sands  of 
t h e  Beccles Formation, together w i t h  sedimentary structures such 
as cross-bedding and r i p p l e - d r i f t  bedding, suggest d e p o s i t i o n  i n  
sha l low water subject t o  moderate c u r r e n t s .  The occurrence of even 
lamina t ion  a t  some loca l i t i es  suggests  d e p o s i t i o n  i n  t h e  upper f l o w  
regime. The incoming of v i n e  cha lky  d e t r i t u s  towards  t h e  top of t h e  
formation may i n d i c a t e  a g l ac i a l  source for t h e  s e d i m e n t .  The s a n d s  
may represent t h e  s e d i m e n t s  of a d i s t a l  outwash p l a i n .  
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GLACIAL DRIFT, UNDIFFERENTI ATED 
Within t h e  Waveney Val ley ,  t o  t h e  immediate s o u t h  of  t h e  
p r e s e n t  area, d e p o s i t s  c l a s s i f i e d  on t h e  maps a s  u n d i f f e r e n t i a t -  
e d ' g l a c i a l  d r i f t  comprise a v a r i a b l e  sequence of bedded sands ,  
g r a v e l s ,  silts, c l a y s ,  and pebbly c l a y s  which occupy sha l low de- 
p r e s s i o n s  c u t t i n g  i n t o  t h e  under ly ing  Beccles Formation. Such 
d e p o s i t s  w e r e  no t  s een  i n  t h e  Hempnall - Woodton area dur ing  
t h e  p r e s e n t  su rvey  but  r e c o r d s  of o l d  p i t  sec t ions  i n  t h e  v i c i -  
n i t y  of  Woodton sugges t  t h a t  t hey  may be p r e s e n t .  
Thus, a n  o l d  p i t  [2813 9453) , now overgrown and f looded ,  
' \  
300 m ESE of H i l l  H o u s e  Farm, former ly  exposed f ine-gra ined  even- 
l y  bedded sand 1.8 m,  on marly b r i c k e a r t h  con ta in ing  s m a l l  c h a l k  
pebbles  0.6 - 2 . 6  m, ove r ly ing  f ine -g ra ined  white cha lky  cross- 
bedded sand wi th  seams of cha lk  g r a v e l  1.8 m (Woodward, 1881, 
p. 107) .  These d e p o s i t s  could  no t  be d e t e c t e d  a t  ou tc rop  nearby 
and may be r e s t r i c t e d  t o  a channel  of l i m i t e d  e x t e n t .  
I n  ano the r  overgrown p i t  (2889 94591 350 m ESE o f  A l l  S a i n t s '  
Church, Woodton, Woodward ( i b i d ,  p .  107) recorded up t o  3.1 m of 
f i n e  sand ,  o v e r l y i n g  1 . 8 m  of f l i n t  g r a v e l  con ta in ing  a few f o r e i g n  
pebbles ,  r o l l e d  cha lk  fragments ,  g r e y  c l a y  and l i g n i t e ,  and s h e l l  
fragments. 
J u s t  t o  t h e  w e s t  of Hempnall, i n  t h e  bank of  t h e  R .  T a s  
(2345 94731 , coarse g r a v e l  a t  t h e  base of t h e  a l luv ium is under- 
l a i n  by 2 .9  m of p a l e  put ty-coloured sandy silt and c l a y  c o n t a i n i n g  
small cha lk  and f l i n t  pebbles  and small angu la r  f l i n t s  i n  t h e  upper 
p a r t .  S imi l a r  p a l e  g rey  sandy c l a y  is  p r e s e n t  below coarse g r a v e l  
300 m NE of Beach Farm 12340 9393) . The s t r a t i g r a p h i c a l  s t a t u s  of  
t h i s  d e p o s i t  is unce r t a rn ,  bu t  t h e  p r o b a b i l i t y  is t h a t  i t  is con- 
temporaneous wi th  t h e  u n d i f f a r e n t i a t e d  g l a c i a l  d r i f t .  
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GLACIAL SAND AND GRAVEL 
The glacial  sand  and g r a v e l  crops out  on t h e  v a l l e y  slopes 
of t h e  R.  T a s  and of a minor t r i b u t a r y  east of Hempnall, and a l so  
appears t o  f loor  these v a l l e y  beneath t h e  Recent a l l u v i a l  and peat 
deposi ts .  The g r a v e l  a lso occurs a s  isolated small patches i n  t he  
v i c i n i t y  of Woodton and on t h e  f l a n k s  of t h e  Broome Beck va l l ey  
S.E. of t h e  v i l l a g e  where, aga in ,  t hey  appear t o  ex tend  beneath 
t h e  v a l l e y  f l o o r .  
4 
e-) 
The max imum t h i c k n e s s  of t h e  glacial  sand and g r a v e l  ( 6  m) 
was recorded i n  Morningthorpe Gravel  P i t .  The e x t e n t  and t h i c k n e s s  
of these depos i t s  beneath t h e  boulder c l ay  - covered plateau is  
u n c e r t a i n  because of t h e  d i f f i c u l t y  of d i f f e r e n t i a t i n g  between t h e  
g lac ia l  sand and g r a v e l  and t h e  under ly ing  sands  and g r a v e l s  i n  
d r i l l e rs '  logs.  The outcrop d i s t r i b u t i o n  both i n  t h i s  and a d j a c e n t  
areas i n d i c a t e s ,  however, t h a t  t h e  t h i c k n e s s  probably v a r i e s  great- 
l y ,  and i n  many loca l i t i es  t h e  deposits are a b s e n t .  
The g r a v e l s  are for  t h e  most pa r t  ve ry  coarse, c rude ly  bedded, 
commonly cross-bedded, ve ry  poorly sor ted and loca l ly  q u i t e  f e r rug in -  
ous. They are composed mainly of f l i n t  cobbles and large well-worn 
nodular  f l i n t s  up t o  0.35 m across, b u t  pebbles and cobbles of quartz- 
i t e  are common and there are scattered boulders  of brown quar tz i t ic  
sands tone .  Jurassic/Cretaceous sands tone  and i r o n s t o n e  are subord ina te  
and igneous erratics,  such as  doler i te ,  are rare.  The matrix is gene ra l -  
l y  composed of f i n e  t o  m e d i u m  f l i n t  g r a v e l  and coarse g r i t t y  s a n d .  There  
are scattered l e n s e s  and beds of f i n e r ,  be t te r  sor ted g r a v e l ,  pebbly 
sand and clean-washed sand,  t h e  l as t  con ta in ing  abundant cha lk  g r a i n s  
i n  places. 
The base of t h e  Gfacial  Sand and Gravel  w a s  s een  t o  channel  
markedly i n t o  t h e  under ly ing  s a d s  and s h i n g l e  i n  t h e  Morningthorpe 
and M i l l  Farm g r a v e l  p i t s .  South-east of Woodton t h e  g r a v e l s  drape 
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the  v a l l e y  slopes of t h e  Broome Beck and ex tend  below t h e  v a l l e y  
f loor ,  sugges t ing  that  t h e  p r e s e n t  v a l l e y  follows t h e  course of a 
p re -ex i s t ing  v a l l e y  (see also Wilcox & Horton, 1981). 
The c o n t e n t ,  g r a i n  s ize ,  s o r t i n g  and bedding characterist ics 
o f  these deposits suggest d e p o s i t i o n  i n  a ve ry  h igh  energy regime, 
probably from g l a c k a l  meltwaters i n  advance of an encroaching ice  
sheet which u l t i m a t e l y  covered the  area and deposited t h e  ove r ly ing  
chalky lodgement till. 
GLACIAL LAMINATED SEDIMENTS ’ 
Glacial laminated sediments  have been recognized ove r ly ing  t h e  
glacial  sand and g r a v e l  i n  and immediately a d j a c e n t  t o  Morningthorpe 
Gravel  P i t  (2189 94283 , and a l so  t o  t h e  immediate n o r t h  and east  of 
Hempnall. I n  t he  former l o c a l i t y  they  comprise up t o  1.8 m of pale 
brown very  evenly  laminated s i l t y  clays and c layey  silts i n  t h i n  
l a y e r s  averaging 2 c m  i n  t h i c k n e s s ,  w i t h  i n t e r m i t t e n t  t h i n  beds of 
yel low f ine -g ra ined  c l ayey  sand .  Up  t o  2 . 0  m of  y e l l o w ,  f i ne -g ra ined ,  
well-sorted sand w i t h  i l l - d e f i n e d ,  f a r  less regular bedding and in -  
f r equen t  c l ay  laminae are present  beneath.  
C l o s e l y  comparable sediments  were mapped near  Hempnall. There  
were no exposures  but pale brown t o  orange-brown c l a y  and s i l t y  c l a y  
could be augered and, i n  f r e s h l y  ploughed f i e l d s ,  c lods of s imi la r  
material w i t h  f i n e  lamina t ion  were observed.  Pale orange micaceous 
c l a y e y  silt  w a s  dug from a r e c e n t l y  c leaned  d i t c h  a t  f2447 9409). 
The f i n e  g r a i n  size and regular lamina t ion  of t h e  bulk of 
these depos i t s  suggest d e p o s i t i o n  i n  s t i l l  water, t h e  most l i k e l y  
environment be ing  tha t  of pro-glacial lakes. 
6 
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BOULDER CLAY 
The boulder c lay,  which w a s  surveyed on a rap id  reconnaissance  
basis o n l y ,  covers c 85% of the  area. I t  forms an e x t e n s i v e ,  almost 
f la t  p l a t eau  a t  an average e l e v a t i o n  of about 50 m O.D.  which is d i s -  
sected by a f e w  shallow v a l l e y s  d r a i n i n g  either northwards i n t o  t h e  
R .  T a s  or eastwards i n t o  t h e  Broome Beck. The depos i t  g i v e s  rise t o  
f e r t i l e  s t o n y  c l a y  loams, ideal  fo r  arable farming. 
A t  depth,  where unweathered, t h e  boulder c lay c o n s t i t u t e s  
s t i f f ,  g rey ,  s t o n y ,  s i l t y  t o  sandy clays with v a r i a b l e  p r o p o r t i o n s  
of pebbles, cobbles and boulders .  Chalk i n  t h e  form of f i n e  debris,  
as  w e l l  as discrete rounded pebbles and b locks ,  is almost i n v a r i a b l y  
the  dominant clast  component, b u t  angu la r  and nodular  f l i n t s  are also 
abundant ;  quartzite and coarse quartzose sands tone  errat ics  are com- 
mon, and there is a s c a t t e r i n g  of Jurassic l imes tones  and sands tones ;  
igneous erratics are rare. 
Weathering of the  boulder clay produces ye l lowish  brown cha lky  
s t o n y  c l a y s  i n  t he  top 1-2 m, b u t  t h e  uppermost 3-1 m is wide ly  de- 
ca lc i f ied ,  g i v i n g  rise t o  orange-brown s t o n y  clays.  The deposit as 
a whole appears t o  be ve ry  u n i f o r m  i n  character throughout t h e  area. 
Its t h i c k n e s s ,  as  proved i n  water w e l l s ,  r anges  up t o  26 m. The mapped 
base i n d i c a t e s  t ha t  i t  loca l ly  occupies channels  c u t  i n t o  t h e  under- 
l y i n g  sediments;  t h i s  is p a r t i c u l a r l y  e v i d e n t  1.5 k m  east  of Hempnall  
where i t  c u t s  down s h a r p l y  through t h e  g l a c i a l  laminated sediments  
i n t o  t h e  under ly ing  g r a v e l s .  
A t  t h e  base of t h e  boulder c lay i n  t h e  Morningthorpe Gravel  
P i t  [2189 9438) there are upto 0 . 4  m of unevely in te r5edded  c l ayey  
silt  and clayey sand  con ta in ing  chalk pellets and f l i n t  c h i p s ,  wi th  
a layer of f l i n t  - cha lk 'g rave l  a t  t h e  bottom, r e s t i n g  w i t h  a s h a r p  
j u n c t i o n  on t h e  laminated sed iments  below. These d e p o s i t s  probably 
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r e p r e s e n t  poor ly  sor ted outwash sediments  or flow till  l a i d  down 
before t h e  emplacement of chalky lodgement t i l l  beneath a con t inen t -  
a€ ice sheet ( t h e  Lowestoft T i l l ) .  
Restricted occurrences  of chalky t i l l  have been observed a t  
Lower l e v e l s  i n  t h e  g lac ia l  sequence. Thus,  350 m east  of Hempnall 
Church a small outcrop (2450 9444) 
na ted  sediments .  And, i n  the  Morningthorpe Gravel P i t  (2206 9445J, 
chalky t i l l  w a s  s een  t o  f i l l  a channel  beneath t h e  g lac ia l  sand  and 
g r a v e l  and c u t t i n g  i n t o  t h e  Norwich Crag; i t  w a s  a lso p r e s e n t  here 
as a large 0.5 m- thLick l e n s  j u s t  above t h e  base of t h e  g lac ia l  gra- 
v e l s .  These occurrences  probably r e p r e s e n t  episodes of res t r ic ted 
t i l l  d e p o s i t i o n  du r ing  t h e  ear l ier  part  of t h e  Anglian g l a c i a t i o n  
p r io r  t o  t h e  emplacement of t h e  main Lowestoft T i l l  sheet. 
occurs beneath t h e  glacial  l a m i -  
COVERSAND 
On t h e  B o u l d e r  C l a y  covered plateau border ing  t h e  v a l l e y  of 
the  R .  T a s  between S t r a t t o n  S t .  Michael and Hempnall there is a 
patchy veneer of loamy sand which rarely exceeds 1 m i n  t h i c k n e s s .  
I t  g i v e s  rise t o  areas of l i g h t  loamy s o i l  i n  an area otherwise 
characterized by heavy clay s o i l s .  Because of i ts t h i n n e s s  and i m -  
p e r s i s t e n c e  t h e  depos i t  has  not  been mapped. I t  w a s  exposed i n  t h e  . 
south  face of Morningthorpe Gravel  P i t  (2180 94283 where i t  com- 
p r i sed  u p  t o  0 . 4  m of orange-brown, m e d i u m -  t o  coarse-gra ined ,  
well-sorted sand  wi th  a f e w  scattered f l i n t s .  The base w a s  i rre- 
g u l a r l y  fes tooned  i n t o  t h e  under ly ing  boulder c l ay .  
The o r i g i n  of t h i s  deposi t  is u n c e r t a i n .  Its un i fo rmi ty  and 
good s o r t i n g  suggest t h a t  i t  may be de r ived  from windblown sand,  
b u t  t h e  o c c a s i o n a l  presebce of scattered f l i n t s  or g r a v e l l y  streaks 
implies  t h a t ,  a t  least i n  p a r t ,  i t  h a s  been reworked and waterlaid. 
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HEAD 
Head deposits occupy t h e  f loors of s e v e r a l  shal low v a l l e y s .  
For t h e  most pa r t  t h e y  comprise s l i g h t l y  g r a v e l l y  sandy loam wi th  
scattered f l i n t  and quartzite pebbles. Local ly ,  however, there are 
also s t o n y  c l a y e y  sands  and sandy clays.  
SECOND TERRACE 
A small  patch of g r a v e l  i n  t h e  sou the rn  part  of Woodton 
(2930 9385) occupies a f l a t - topped  spur  between t h e  t w o  headwater 
streams of Broome Beck. The surface of t h e  g r a v e l  spread is approxi-  
mately 6 m above t h e  r i v e r  a l luvium. The depos i t  can  be seen  a t  t h e  
top of a degraded working face i n  t h e  former sand p i t  i n  the  v i l l a g e  
(2925 9384) where i t  comprises about 1 m of coarse poor ly  sor ted 
f l i n t - r i c h  g r a v e l  ove r ly ing  t h e  sands  of t h e  Beccles Beds .  The depo- 
sit is similar t o  t h e  g l ac i a l  g r a v e l s  t h a t  crop ou t  nearby, but  is 
regarded as  a terrace remnant because of its topographical expres s ion .  
I t  probably r e p r e s e n t s  g lac ia l  g r a v e l  t h a t  has  been subject t o  re- 
working by r i v e r  a c t i o n .  
FIRST TERRACE 
Fox B u r r o w s ,  a f la t - topped area s i tua ted  a t  t h e  conf luence  
of t he  Broome Beck headwater streams, is covered by up t o  1 m of 
r i v e r  g r a v e l  t h e  surface l e v e l  of which is  c 2 m above t h e  r i v e r  
a l luvium. The g r a v e l  is exposed i n  a f e w  small degraded exposures  
i n  t h e  banks of a flooded p i t  (2950 9365) . I t  is coarse (cobbles 
u p  t o  0.15 m across),  f a i r l y  well-rounded but no t  wel l -sor ted,  and 
composed 
s e n t  and 
s l i g h t l y  
dominantly of f l i n t s .  Quartz and quartzite are also pre- 
t h e  matrix is a coarse g r i t t y  sand.  The g r a v e l  pockets 
i n t o  t h e  under ly ing  sands .  
$ 
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PEAT 
Pea ty  d e p o s i t s  are commonly p r e s e n t  a long  t h e  f loor  of t h e  
R .  T a s .  They occupy a narrow bench f a l l i n g  from t h e  base of t h e  
steeper v a l l e y  slope cut i n  glacial  deposits down t o  the  a l l u v i a l  
f l a t  border ing  the  r i v e r .  They g i v e  rise t o  stretches of w e t ,  boggy 
land .  
Fibrous de t r i ta l  peat occurs loca l ly  b u t  the  deposit more 
general ly  comprises black ve ry  p e a t y  sand.  The sand component may 
be de r ived  from t h e  glacial  deposits of t h e  higher  slopes by a 
process of h i l lwash .  A l t e r n a t i v e l y ,  i t  may be a e o l i a n  i n  o r i g i n  
(cf. the  ?coversand depos i t s  o v e r l y i n g  t h e  boulder clay,  p .  10). 
Immediately n o r t h  of Morningthorpe Gravel  P i t  [ 2187 9462) 
t h e  peat w a s  s e e n  t o  pass beneath t h e  a l l u v i u a l  c l a y  of t h e  R .  Tas  
f lood p l a i n .  I t  almost i n v a r i a b l y  o v e r l i e s  coarse, poorly sor ted 
g r a v e l  which may be either glacial  sand  and g r a v e l  or t he  o ldes t  
a l l u v i a l  deposi t  (p. 13) .  The fact  t h a t  waterlogged c o n d i t i o n s  
are associated w i t h  what might be expected t o  be a f r ee -d ra in ing  
g r a v e l  is best exp la ined  by assuming t h a t  the  i n p u t  of water i n t o  
t h e  g r a v e l  is so high t h a t  i t  is permanently waterlogged. 
The t h i c k n e s s  of t h e  pea ty  d e p o s i t s  is commonly i n  the order 
of 0.5 m, b u t  loca l ly  exceeds 1.1 m. 
ALLWI UM 
The a l luv ium of both t h e  R .  T a s  and t h e  Broome Beck is char- 
ac te r i s t ica l ly  a dark brown s i l t y  and sandy c l a y  con ta in ing  ve ry  f e w  
small pebbles. I n  t h e  upper part of Broome Beck, however, there is 
also dark brown and g r e y  c l ayey  sand w i t h  scattered s m a l l  f l i n t s .  The 
a l luv ium a t  the  e a s t e r n  margin of t h e  area, S . E .  of Woodton, is ve ry  
P 
h u m i c .  These 
a maximum of 
depos i t s  are g e n e r a l l y  less than  1 m i n  t h i c k n e s s ,  b u t  
1.8 m was recorded  nea r  S t .  Andrew's Church ,  Woodton 
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(2831 9351). 
The a l l u v i a l  c lay g e n e r a l l y  rests upon coarse, poorly sor ted,  
f l i n t - r i c h  g r a v e l ,  a l though i n  t h e  T a s  v a l l e y  a t h i n  p e a t  l oca l ly  
' \  
' .  
i n t e r v e n e s .  T h i s  g r a v e l  is probably an  older a l l u v i a l  deposit l a i d  
down d u r i n g  a period of high water discharge, 
A RES& OF m GLACIAL HISTORY AND CORRELATION 
Following d e p o s i t i o n  of t h e  Norwich Crag under s h a l l o w  water 
marine c o n d i t i o n s  there w a s  a break i n  sed imenta t ion  before t h e  sands  
and subord ina te  quartz/quartzite-rich g r a v e l s  of t h e  Beccles Formation 
were l a i d  down. These sands  and g r a v e l s  probably r e p r e s e n t  mainly f l u -  
v i o g l a c i a l  sed iments  of a d i s t a l  glacial  outwash p l a i n .  The imper- 
s i s t e n t  e q u i v a l e n t  of the  S t a r s t o n  T i l l  (i .e. Norwich Brickearth) 
near  t h e  middle of t h e  sequence t e s t i f i e s  t o  a more f u l l y  g l ac i a l  
ep isode  when t h e  Nor th  Sea Ice extended t o  its m a x i m u m  l i m i t  i n  t h e  
v i c i n i t y  of t h e  Waveney V a l l e y .  
The age of t h e  Beccles Formation is u n c e r t a i n  b u t  i n  many re- 
spects the  sands  and g r a v e l s  resemble t h e  Kesgrave Sand and Gravel  
of Essex and S.  Suffolk even t o  t h e  rare occurrence of a reddened 
hor izon  a t  t h e  top of t h e  sequence (West 1980; Wilcox & Hor ton ,  1981). 
The Kesgrave Sand and Gravel  h a s  been dated a s  pre-Cromerian by Rose 
and Al len  (1977) on t h e  basis t h a t  t h e  reddened horizon represents 
a temperate i n t e r g l a c i a l  episode. However, t he  Norwich Brickearth is  
widely regarded  as being of ear ly  Anglian age, pos t -da t ing  known 
Cromerian deposi ts  on t h e  coast. T h u s ,  a t  least  t h e  upper pa r t  of 
t h e  Beccles Formation is l i k e l y  to  be of Anglian age. Succeeding 
g lac ia l  deposits,  u p  t o  and i n c l u d i n g  t h e  cha lky  B o u l d e r  C lay ,  pre- 
date t h e  Hoxnian i n t e r g l g c i a l  deposi ts  i n  t h e  Waveney V a l l e y  and are 
t h u s  a l so  of Anglian age. 
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Following d e p o s i t i o n  of t h e  Beccles Formation there w a s  a 
renewed advance of ice from which w a s  i n i t i a l l y  deposi ted t h e  ve ry  
coa r se  proximal outwash g r a v e l s  and t h e  complex localised sequences 
of g lac ia l  sed iments  des igna ted  Glacial D r l f t ,  u n d i f f e r e n t i a t e d .  The 
lat ter probably r e p r e s e n t  a mixture  of lodgement t i l l ,  f l o w  t i l l ,  
g l a c i a l  l a k e  sed iments  and outwash deposits.  The u n d i f f e r e n t i a t e d  
d r i f t  and some of t h e  c o a r s e  g r a v e l s  occupy l i n e a r  dep res s ions  which 
may be p r e - e x i s t i n g  r i v e r  v a l l e y s  or glacial  t u n n e l  - v a l l e y s .  Prior 
t o  t h e  succeeding maximum g lac ia l  advance, which covered t h e  greater 
par t  of E a s t  Anglia ,  g lacial  laminated sediments  were formed i n  
scattered ponds and lakes. Dur ing  t h i s  major g lac ia l  ep isode  a t h i c k  
and u b i q u i t o u s  mant le  of chalky lodgement t i l l  ( the  Lowestoft T i l l )  
w a s  emplaced. 
There are no younger g l a c i a l  deposits i n  t h e  a r e a  under con- 
s i d e r a t i o n .  The r i v e r  t e r r a c e s  probably date from i n t e r s t a d i a l  or 
i n t e r g l a c i a l  e p i s o d e s  d u r i n g  t h e  Devensian S tage ,  t h e  Head t o  a late- 
Devensian periglacial  p e r i o d ,  and t h e  peat and a l luv ium t o  t h e  t e m -  
perate p o s t - g l a c i a l  phase. 
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DETAILED NOTES 
J 
T M  -2.9 SW 
Old gravel  p i t  a t  M i l l  Farm [2086 94941 
Glacial Sand & Gravel 
In te rbedded  coarse-grained,  fe r ruginous ,  s l i g h t l y  
pebbly sands  and ve ry  coarse, poor ly  s o r t e d  gra- 
ve l s ,  mainly of  much abraded f l i n t s  up t o  0.35 m 
across; matrix of coarse g r a v e l l y  sand;  a l l  i n  
t h i c k  wedge-bedded u n i t s ;  fills channels  cut i n t o  
under ly ing  d e p o s i t  ... 2 . 0  - 3.5 
Norwich Crag 
Bedded, mature, well-rounded f l i n t  gravel wi th  
a matrix of  yel low or orange, f ine-gra ined ,  w e l l -  
s o r t e d ,  clean sand ;  some fe r rug inous  beds and 
lenses ... 2.2 - 4.0 
Morningthorge Gravel P i t  (c 220 9441 - composite sec t ion  
, 
?Coversand 
Orange-brown medium- and coarse-gra ined ,  w e l l -  
s o r t e d  sand  wi th  s c a t t e r e d  small f l i n t s ;  f e s -  
tooned up t o  0 . 4  m i n t o  t h e  under ly ing  boulder  
c l a y  ... 0 . 4  
Boulder Clay 
S t i f f  g r e y  s i l t y  sandy c l a y  wi th  abundant cha lk  
pebb les  and cobb les  and f i n e  cha lk  d e b r i s ;  a l so  
many f l i n t s .  Unevenly in t e rbedded  fawn c l ayey  
si l t  and rusty-brown f ine-gra ined  c l ayey  sand 
wi th  s c a t t e r e d  c h a l k  p e l l e t s  and f l i n t  c h i p s  
i n  b a s a l  0.2 - 0.4 m; f i n e  f l i n t - c h a l k  g r a v e l  
a t  base; s h a r p  contact wi th  under ly ing  beds ... up t o  1 .4  
Glacial Laminated Sediments 
P a l e  brown and fawn, v e r y  evenly  laminated 
s i l t y  c l a y  and c l a y e y  silt wi th  some t h i n  
Varico lou red ,  f ine-gra ined  , we 11-sort ed sand 
with i l l - d e f i n e d ,  less even bedding than  above; 
beds of yel low f ine-gra ined  c l ayey  sand. ... 1.8 * 
a few c l a y  laminae; s h a r p  base  ... 1.3 - 2 .0  
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Glacial Sand and Gravel  
Mainly v e r y  coarse, c rude ly  bedded, ve ry  poor ly  
sorted, f l i n t - r i c h  gravel;  many large cobbles 
i n  excess of 0.2 m across; pebbles of quartz 
and q u a r t z i t e  are subord ina te ,  and chalky gra- .  
v e l  is restricted t o  i so la ted  patches; scatter- 
ed i r o n s t o n e  and sands tone  pebbles, and rare 
igneous rocks; some beds and l e n s e s  of f i n e r ,  
better sorted g r a v e l  and coarse, pebbly, cross- 
bedded sand ,  t h e  lat ter loca l ly  w i t h  abundant 
chalk g r a i n s ;  cross-bedded u n i t s  have foresets 
d ipping  a t  up to  30°; a t  t h e  e a s t e r n  end of t h e  
p i t  a 0.5 m t h i c k  l e n s  of chalky boulder clay 
l i e s  j u s t  above t h e  base of t h e  g r a v e l s ;  gra- 
v e l  a t  base fills channels  c u t  i n t o  t h e  under- 
l y i n g  sands  ... up t o  6 . 0 m  
Pale ye l low and b r igh t  olrarxge,. m e d i u m -  t o  coarse- 
g ra ined ,  well-sorted,  well-rounded, s l i g h t l y  
micaceous, bedded sands  wi th  a f e w  t h i n  bands 
of well-rounded f l i n t  pebbles and rare c l a y  
laminae; t h e  pebble layers coalesce i n  t h e  east- 
e r n  face i n t o  a t h i c k  l e n s  of m a t u r e  f l i n t  
s h i n g l e .  I n  t h i s  face t h e  Norwich Crag is pene- 
trated by i) a channel  f i l l e d  w i t h  chalky boul- 
der  c l a y  and ii) a channel  f i l l e d  w i t h  buff  
loamy c l a y  c o n t a i n i n g  scattered f l i n t  and quartz 
pebbles, and s t r i n g s  and l e n s e s  of f i n e  cha lky  
g r a v e l ;  t h i s  deposi t  is bedded i n  par t  (probably 
cor responds  t o  t h e  S t a r s t o n  T i l l  Member of t h e  
Beccles Formation) .  . . . 3.0 seen  
Norwich Crag 
O l d  g r a v e l  p i t  12060 9479) 
b ' i  Glacial  Sand and Gravel  
Orange m e d i u m -  t o  coarse-gra ined ,  loamy, g rave l -  
l y  sand  w i t h  large f l i n t  nodules  a t  t h e  base ... 1 . 2 - 1 . 8 m  
Coarse, moderate y well-sorted,  sandy g r a v e l  
with many f l i n t  pebbles and cobbles; subord ina te  
quartz and quar tz i te  pebbles and nodular  f l i n t s  ... 0.6 
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O l d  g r a v e l  p i t  (2138 94821 
Glacial  Sand and Gravel  
Coarse, u.nsorted, sandy g r a v e l  mainly composed 
of whi te -pa t ina ted  nodular  f l i n t s ;  some tabu- 
lar f l i n t s  and quar tz i te  pebbles; a m e d i u m  
g r a v e l  component of sub-angular f l i n t s  
? 
O l d  g r a v e l  p i t ,  Hempnall (2414 9465) 
Glacial Sand and Gravel  
> Coarse, dense,  poorly sorted f l i n t  g r a v e l  w i t h  
a coarse g r i t t y  sand or f i n e  g r a v e l  matrix; 
fills channels  aut i n t o  t h e  under ly ing  sand  
... 1.2  
b u t  o n l y  s l i g h t l y  i n t o  the lower g r a v e l  ... 0.3-1.2m 
Coarse, moderately well-sorted, rusty-brown, 
bedded sand  w i t h  a f e w  scattered small f l i n t  
pebbles and angu la r  f l i n t s  ... 0 - 0.7m 
Very coarse, unsor ted ,  f l i n t - r i c h  g r a v e l  w i t h  
abundant nodular  f l i n t s  (up t o  0.25 m across) 
and some f l i n t  cobbles i n  a ma t r ix  of m e d i u m  
g r a v e l  and coarse g r i t t y  sand;  many cha lk  
pebbles and a f e w  quartzites;  rare i r o n s t o n e  
pebbles ... 1.7-2.Om 
Coarse g r a v e l ,  as above, b u t  ve ry  f e r rug inous  
and w i t h  a black-stained layer a t  t h e  top ,  
and no cha lk  ... 1 . 7 m  s e e n  
Sec t ion  i n  s o u t h  bank of R .  T a s ,  Hempnall (2408 94381 
Alluvium 
Peat ... 0.15 
Coarse, grib;%y, c l e a n  quartz sand ... 0.05 
Dark grey, very  sandy o rgan ic  c lay w i t h  scatter- 
ed black angu la r  and rounded f l i n t  pebbles ... 0.30 
Fine  sandy g r a v e l ,  mainly of angu la r  f l i n t s  i n  
a coarse sand matrix ... 0.20 
Coarse unsor ted  f l i n t - r i c h  g r a v e l  ... 0.20 
Old g r a v e l  p i t  [2471 9443) 
Glacial Sand and Gravel  
Coarse sandy g r a v e l ,  mainly of large nodular  
f l i n t s  and f l i n t  cobb les ;  a l so  angular  f l i n t s  
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and quartz and chalk pebbles .... 2.0 
Crude ly  bedded, sandy, m e d i u m  f l i n t  g r a v e l  
w i t h  some cha lk  pebbles and sandy l e n s e s  ... 1.8 
l ^ )  O l d  sand p i t  a t  Fox Burrows [ c  295 9373 - composite s e c t i o n  
I 
J 
First Terrace 
Coarse,  poor ly  sorted,  moderately well-rounded 
g r a v e l ,  m a i n l y  of  nodular  f l i n t s  (cobbles  u p  t o  
0.15 m across) but  w i t h  some quartz and quartz- 
i t e  pebbles; c o a r s e  g r i t t y  sand m a t r i x  * . .  1.0 
Beccles Formation 
P a l e  orange and y e l l o w i s h  brown, medium-grained, 
well-sorted, s l i g h t l y  micaceous, laminated and 
r i p p l e - d r i f t  bedded sands  wi th  a f e w  grey or 
dark brown clay and silt laminae; some w e l l -  
rounded fl int-quartz-quartzite g r a v e l  near the 
top ... 3.5 
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